Trajectories for the 1976 - 1980 Grand Tour opportunities.  Volume 3 - Trajectory data for alternate Grand Tour missions by Parrott, J. D. & Pimm, R. S.
_r
NASA CONTRACTOR
REPORT
NASA CR-61338 h' m
TRAJECTORIES FOR THE 1976-1980 GRAND
TOUR OPPORTUNIT IES
Volume II I: Trajectory Data for Alternate
Grand Tour Missions
By J. D. Parrott and R. S. Pimm
Lockheed Missiles and Space Company
4800 Bradford Drive, NW
Huntsville, Alabama 35805
October 1970
Prepared for
NASA-GEORGE C. MARSHALL
Marshall Space Flight Center, Alabama
SPACE
35812
FLIGHT CENTER
https://ntrs.nasa.gov/search.jsp?R=19710004632 2020-03-12T00:05:26+00:00Z
1. REPORT NO.
4.
TECHNICAL REPORT STANDARD TITLE PAGE'
2. GOVERNMENT ACCESSION NO. 3. RECIPIENT'S CATALOG NO,
NASA CR-61338
TITLEANDSUSTtTLE TRAJECTORIES FOR THE 1976 - 1980 GRAND
TOUR OPPORTUNITIES
Volume TIT. Trajectory Data for Alternate Grand Tour Missions
7. AUTHOR(S)
J. D. Parrott and R. S. Pimm
9. PERFORMING ORGANIZATION NAME AND ADDRESS
Lockheed Missiles and Space Company
4800 Bradford Drive, NW
Huntsville, Alabama 35805
12. SPONSORINGAGENCYNAMEANDADDRESS
National Aeronautics and Space Administration
Washington, D.C. 20546
5. REPORT DATE
October 1970
6. PERFORMING ORGANIZATION CODE
8 PERFORMING ORGANIZATION REPORr #
10. WORK UNIT NO.
11. CONTRACT OR GRANT NO.
NAS 8-20082
13. TYPE OF REPORT & PERIOD COVERED
NASA
Contractor Report
14. SPONSORING AGENCY CODE
15. SUPPLEMENTARY NOTES
Report prepared for George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812
Preliminary Design Offic,
Program Development
16. ABSTRACTA close encounter with a planet on a flyby (swingby) trajectory has the
effect of a propulsive maneuver resulting in an increase or decrease of energy,
and/or a plane change of the heliocentric trajectory. Data are presented for
swingby missions to the Jovian planets of
• Jupiter-Saturn-Pluto (Alternate Grand Tour No. 1)
• Jupiter-Uranus-Neptune (Alternate Grand Tour No. Z)
These missions are referred to as alternate Grand Tour missions as opposed
to a normal Grand Tour mission which encounters the planets Jupiter, Saturn,
Uranus, and Neptune. The Earth launch opportunities considered are for the
time period 1976 - 1980.
This volume is a tabulation of trajectory data for Alternate Grand Tour
missions from earth during this period.
_lume I, NASA CR-6i30_ contains graphic and summary trajectory data
Volume II, NASA CR-li305, contains trajectory data for the primary Grand Tour Mission
17: KEY WORDS
Grand Tour
Alternate Grand Tour
Outer Planet
Jupiter Flyby
Trajectory Data
18. DISTRIBUTION STATEMENT
Uncla s sified - Unlimited
WILLIAM D. GOLD$t_Y, JR.
Deputy Chief 3 Performance and Flight
Mechanics Division
19. SECURITY CLASSIF, (or this report_
U
20. SECURITY CLASSIF, (of this PsIe)
U
21. NO. OF PAGES 22, PRICE
387 $3.00
bBFC - Form 3292 (May 1969)
FOR EWOR D
This document presents the results of work performed by Lockheed's
Huntsville Research & Engineering Center while under subcontract to Northrop
Nortronics (NSL PO 5-09Z87) for the Aero-Astrodynami.cs Laboratory of
Marshall Space Flight Center (MSFC), Contract NAS8-20082. This task was
conducted in response to the requirement of Appendix F-I, Schedule Order
No. 53.
The NASA technical coordinator for this study was Mr. Richard Gold,
PD-DO-PM, Marshall Space Flight Center, Huntsville, Alabama.
iii
LOCKHEED- HUNTSVILLE RESEARCH & ENGINEERING CENTER
Section 1
INTRODUCTION
When a space probe passes close to a large mass such as a planet, its
trajectory is significantly altered. H the approach meets certain con-
ditions at the passing planet, then the space probe can be deflected so that
its new path intercepts another planet in the solar system. A trajectory
utilizing an intermediate planet in this manner is called a planetary swingby
Lrajec_ury. Once every i79 years, four of the Jovian planets are positioned
such that a single space probe launched from Earth can swing by each of them
in succession. A mission of this type has been named a "Grand Tour" and
involves the planets of Jupiter, Saturrl, Uranus, and Neptune. The next
opportunity for missions of this type occurs between 1976 and 1980.
In addition to the normal "Grand Tour" missions, the opportunity also
exists during this same period for missions to Jupiter-Saturn-Pluto and also
Jupiter-Uranus-Neptune. These missions are called "Alternate Grand Tours."
Saturn is bypassed for one of the alternate missions thus eliminating problems
associated with interior and exterior ring passages at Saturn. The probability
of obtaining successful data on Jupiter, Uranus, and Neptune would be higher
than missions involving Saturn.
Three launch opportunities occur for missions to Jupiter-Uranus-Neptune:
1978, 1979, and 1980.
Due to the relative positions of Uranus, Neptune, and Pluto during
the Grand Tour opportunities (Pluto is behind Uranus and Neptune), it is not
feasible to encounter all five outer planets on one mission; however, a mission
to Jupiter, Saturn, and Pluto is possible. Four launch opportunities for this
mission occur between 1976 and 1979.
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This document is a tabulation of trajectory data for the two alternate
Grand Tour missions mentioned above which occur between 1976 and 1980.
The format of this document is similar to that of Volume 2 (Ref. 1) which
tabulates trajectory data for the primary Grand Tour mission.
Generation of Data
_.^ _+_n _nnir traiectorv data presented in this document was genera-
ted with the LMSC SWISTO computer program (Ref. Z). SWISTO contains an
internal ephemeris routine which treats all planetary orbits as eccentric,
mutually inclined ellipses that are fixed in space. The orbital parameters
adopted for the program were extracted chiefly from the Explanatory Supple-
ment to the British Ephemeris (Ref. 3), and are presented in Table 1-1;
they are not purported to be the most accurate or up-to-date values obtain-
able for these constants; however, they are entirely in keeping with the fixed-
ellipse model adapted for the calculations, and with the limited-accuracy
requirements for preliminary design data. Also shown are the synodic
periods between each body and Earth.
Tabulation of Data
The trajectories contained in this report are divided into two sections,
which correspond to the two alternate Grand Tour mission types. Section Z
is a tabulation of data for trajectories to the planets Jupiter-Saturn-Pluto.
Section 3 is a tabulation of data for trajectories to the planets Jupiter-Uranus-
Neptune. With either section, the data are divided according to the year of
Earth departure. For every year and mission type, the data fall into two
classes :
Jupite r -Saturn-Pluto Miss ions
Earth-Jupiter-Saturn data
Jupiter-Saturn-Pluto data
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Jupiter -Uranus -Neptune Miss ions
Earth-Jupiter-Uranus data
Jupiter-Uranus-Neptune data
The first planet is designated as the departure planet, the second as the pas-
sage planet, and the third as the arrival planet.
The basic block of data has the same format throughout this report.
It contains three horizontal lines, of which the first two are similar. The
first line describes the departure-planet-to-passage-planet phase. The
second line describes the passage-planet-to-arrival-planet phase. The
third line contains additional passage parameters.
Following is a list of definitions for the parameters contained in the
tabular data.
Symbol Explanation
DE PAR T
PASS
C3 -DD
RA
DECL
II
............................ LINE 1 ........................
Julian date of departure; reckoned from JD 240-0000.
Julian date of passage; reckoned from JD 240-0000.
Square of the hyperbolic excess velocity at the departure planet,
in kilometers squared per second squared.
Right ascension of hyperbolic departure velocity vector
(hyperbolic asymptote); measured in degrees along the local
planetary equator eastward from the "vernal equinox, " i.e., where
the path of the Sun rises above the equator of departure planet.
Declination of hyperbolic departure velocity vector;
measured in degrees positive northward and negative south-
ward from the planet's equator.
Inclination of heliocentric transfer conic to departure planet's
• . O "Sorbit, m degrees; zero is forward, -90 1 perpendicular south-
ward, +90 ° is perpendicular northward and +180 ° is backward.
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Symbol Explanation
V1
PSI1
ECCEN
SMA
Heliocentric speed of departure, normalized to Earth's mean
orbital speed.
Heliocentric angle of departure, in degrees; measured in the
heliocentric transfer plane counter-clockwise from the outward
heliocentric radius vector to the departure heliocentric velocity
vector.
Eccentricity of the heliocentric transfer conic from the departure
planet to the passage planet.
Semi-major axis of the transfer conic from the departure planet
to *_e passage _1_n_ _n hIT.
THET1
THET2
PERIH
APHEL
I2
V2
PSI2
RA
True anomaly of the departure point on the heliocentric transfer
orbit, in degrees.
True anomaly of the passage point, in degrees.
Perihelion distance on the transfer conic between the departure
planet and the passage planet, in AU. This value is listed
only if the vehicle traverses perihelion during the transfer.
Aphelion distance on the transfer conic between the departure
planet and the passage planet, in AU. This value is listed only
if the vehicle traverses aphelion during the transfer.
Inclination of transfer conic to the passage planet's orbit, in
degrees.
Heliocentric approach speed at passage planet, normalized to
Earth's mean orbital speed.
Heliocentric angle of approach at passage planet, in degrees;
measured clockwise from the inward heliocentric radius vector
to the velocity vector in the transfer plane. Note that this angle
is measured opposite in sense to PSI1.
Analogous to departure velocity case; note, however, that this
is the right ascension of the position at which the arrival velocity
vector would emerge again from the passage planet's celestial
sphere. This convention for reckoning asymptote directions is
useful when calculating swingby trajectories. When the trajectory
is unperturbed by the passage planet the approach and departure
asymptotes have exactly the same right ascensions and declina-
tions. By noting the difference in RA of the two asymptotes,
the analyst may obtain a rough but rapid estimate of the bend
angle without performing trigonometric calculations.
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Symbol Explanation
DECL
C3 -PD
PASS
ARRIVE
C3 -PD
RA
DECL
II
V1
PSI1
ECCEN
SMA
THETI
Declination of hyperbolic arrival velocity vector,
measured in degrees positive northward and negative
southward from the passage planet's equator.
Square of the hyperbolic excess arrival velocity at the passage
planet, in kilometers squared per second squared.
....................... LINE 2 ...............................
Julian date of passage; reckoned from JD 240-0000.
Julian date of arrival; reckoned fromJD 240-0000.
Square of the hyperbolic excess departure velocity at
the passage planet, in kilometers squared per second
squared.
Right ascension of hyperbolic departure velocity vector
(hyperbolic asymptote); measured in degrees along the local
planetary equator eastward from the "vernal equinox, " i.e.,
where the Sun's path rises above the passage planet's equator.
Declination of hyperbolic departure velocity vector,
measured in degrees positive northward and negative south-
ward from the passage planet's equator.
Inclination of transfer orbit to passage planet's orbit, in
degrees; zero is forward, -90 ° is perpendicular southward,
+90 ° is perpendicular northward, and --+180 ° is backward.
Heliocentric speed of departure from the passage planet,
normalized to Earth's mean orbital speed.
Heliocentric angle of departure from the passage planet, in
degrees; measured in the transfer plane counterclockwise from
the outward heliocentric radius vector to the departure velocity
vector.
Eccentricity of the heliocentric transfer orbit from the passage
planet to the arrival planet.
Semi-major axis of the transfer conic from the passage planet
to the arrival planet, in AU.
True anomaly of passage point in degrees.
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Symbol Explanation
THETZ
P ER IH
APHE L
I2
V2
PSIZ
RA
DECL
C3 -AD
RCP
KAPPA
VP
AH
EH
ANMAX
True anomaly of the arrival point, in degrees.
Perihelion distance on the transfer conic between the passage
planet and the arrival planet, in AU. This value is listed only
if the vehicle traverses perihelion during the transfer.
Aphelion distance on the transfer conic between the passage
planet and the arrival planet, in AU. This value is listed only
if the vehicle traverses aphelion during the transfer.
Inclination of transfer conic to the arrival planet's orbit, in
degrees.
Heliocentric approach speed at arrival planet, normalized to
Earth's mean orbital speed.
Heliocentric angle of approach at arrival planet, in degrees;
measured clockwise from the inward heliocentric radius vector
to the velocity vector in the transfer plane. Note that this angle
is measured opposite in sense to PSI1.
Analogous to the right ascension at the passage planet in Line 1,
in degrees.
Declination of hyperbolic departure velocity vector,
measured in degrees positive northward and negative south-
ward from the arrival planet's equator.
Square of the hyperbolic excess arrival velocity at the arrival
planet, in kilometers squared per second squared.
......................... LINE 3 ...........................
Radius of closest approach to passage planet, in planet radii.
Bend angle at passage planet measured from the positive approach
asymptote to the positive departure asymptote, in degrees.
Velocity at pericenter passage, normalized to Earth's mean
orbital speed.
Semi-major axis of the passage hyperbola, in planet radii.
Eccentricity of the passage hyperbola.
Maximum value of true anomaly; also the angle between the
pericenter radius vector and either asymptote, in degrees.
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S yrnb ol Exp lan ation
INH
RAP
DECP
RAS
ETA
PASS
C ONDITION
DVCP
Use of Data
Inclination of the plane of the passage hyperbola to the equator
of the passage planet, in degrees.
Right ascension and declination of pericenter with respect to
the passage planet's equator and equinox, in degrees.
Right ascension and declination of the Sun with respect to the
r.... =_ r,.a--,._ o ,.,_.a_,_. ,,.*,u equiiiox, gr s
Angle between the vector to pericenter and the vector to the
Sun, in degrees.
Lighting condition at sub-pericenter point (light side or dark
side) and passage condition.
Velocity increment required for correcting pericenter passage
distance, in kilometers per second.
In this document, the basic block of data describes a trajectory from a
departure planet via a passage planet to an arrival planet. The trajectory is
identified by the departure, passage, and arrival dates. A four-planet (either
an Earth-Jupiter-Saturn-Pluto or an Earth-Jupiter-Uranus-Neptune)trajectory,
identified by the four dates at which the planets are encountered, is the desired
result. A three-planet trajectory can be extended forward or backward by
interpolation in the tables.
As an example, suppose an Earth-Jupiter-Saturn trajectory has departure,
passage, and arrival dates d 1, d Z, and d3, respectively. To extend the tra-
jectory forward, the Jupiter-Saturn-Pluto table is used. The required tra-
jectory departs Jupiter at d Z, passes Saturn at d3, and arrives at Pluto. In
general, these dates do not occur in the Jupiter-Saturn-Pluto table, and the
trajectory must be found by interpolation in the two independent variables,
the date at Jupiter and the date at Saturn.
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Section 2
TRAJECTORY DATA FOR THE ALTERNATE GRAND TOUR
MISSION INVOLVING THE PLANETS
EARTH, JUPITER, SATURN, PLUTO
i0
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1976 GRAND TOUR ALTERNATE 1
EAR TH-JUPITER -SATURN TRAJECTORIES
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